Semaphorins and their receptors in lamprey CNS: Cloning, phylogenetic analysis, and developmental changes during metamorphosis.
The large, conserved semaphorin gene family encodes axon guidance molecules in both invertebrates and vertebrates. The primitive vertebrate lamprey diverged near the time of vertebrate origins and is useful for understanding the gene duplication events that led to the increased complexity of the vertebrate genome. We characterized the sequence and expression pattern of semaphorins and their receptors genes in the sea lamprey, Petromyzon marinus. We uncovered two members of the semaphorin family in sea lamprey. The first encodes a diffusible class 3 type semaphorin protein that is most similar to the human and mouse Sema3F (71% amino acid identity). The second encodes a transmembrane class 4 type semaphorin that is most similar to mouse Sema4D and human Sema4G, with 38% amino acid identity within the Sema domain. We also identified in lamprey two members of the semaphorin receptor family, lamprey Plexin A1 and Plexin A2. Phylogenetic analysis indicates that lamprey Sema3 and Sema4 represent precursor genes existing prior to the origin of the vertebrate Sema3A-G and Sema4A-G subfamilies. Therefore, the gene duplication event that gave rise to those subfamilies must have occurred after the divergence of jawed vertebrates from jawless fish. These semaphorins and plexins are expressed in unique and dynamic patterns in lamprey spinal cord and brain during development.